The LQ-moment proposed by Mudholkar, et al. (1998) is used for regional flood frequency analysis of the North-Bank region of the river Brahmaputra, India. Five probability distributions are used for the LQmoment: generalized extreme value (GEV), generalized logistic (GLO) and generalized Pareto (GPA), lognormal (LN3) and Pearson Type III (PE3). The same regional frequency analysis procedure proposed by Hosking (1990) for the L-moment is used for the LQ-moment. Based on the LQ-moment ratio diagram and dist i Z -statistic criteria, the PE3 distribution is identified as the robust distribution for the study area.
Introduction
introduced the concept of Lmoment parameter estimation methods for regional frequency analysis. The performance of a particular model depends on the accuracy of the estimation of the parameters. Many parameter estimation methods are described in statistical literature. The unbiased estimation of parameters depends mainly on the parameter estimation method used and the data availability. Regional frequency analysis overcomes the difficulties arising from at-site frequency analysis. In many countries, the L-moments procedure for regional flood frequency analysis has been used and various researches are ongoing. In India, L-moments based regional flood frequency analysis was conducted by Paradia, et al. (1998) and Kumar et al. (1999 Kumar et al. ( , 2003 Kumar et al. ( and 2005 to develop a flood frequency Abhijit Bhuyan is a Ph.D. student in the Department of Mathematical Sciences. Email: abhijit@tezu.ernet.in. Munindra Borah is a Professor in the Department of Mathematical Sciences. Email: mborah@tezu.ernet.in. relationship for both gauged and ungauged catchments for different regions. Additionally, some recent application of regional flood frequency analysis include: Atiem and Harmancioglu (2006) , Modarres (2007) , Saf (2008) and Hussain, et al. (2008) . Kumar, et.al. (2005) used L-moments to develop a regional flood frequency relationship for both gauged and ungauged catchments of the North Brahmaputra region of India. Mudholkar, et al. (1998) introduced the concept of LQmoment analogs of L-moments of Hosking (1990) . LQ-moments are linear functions of the medians, trimeans, or Gastwirth's location estimators of the distributions of certain order statistics and reduce to weighted averages for certain population quantiles. LQ-moments are often easier to evaluate and estimate than Lmoments and, in general, behave similarly to the L-moments when the latter exist. (Modhulkar, et al., 1998) . Modhulkar, et al. (1998) used an LQmoment in the context of generalized extreme value distribution for flood frequency analysis of the river Blackstote and Feather. Zin Wan, et al. (2008) used LQ-moments to determine the best fitting probability distribution for annual maximum rainfall in Peninsular Malaysia.
Various studies have found that LQmoments are widely used to study at-site flood frequency analysis and at-site rainfall frequency analysis in different countries of the world. But in the case of flood frequency analysis, data availability is difficult for estimating floods for desired return periods. Therefore, this study uses regional frequency analysis as an alternative to at-site frequency analysis based on LQmoments. The linear quantile estimator as a sample quantile estimator and trimean functional as quick estimator are also used in this study of regional flood frequency analysis.
Five probability distributions that are generally used for regional flood frequency analysis by using L-moments are used in this study: generalized extreme value (GEV), generalized Pareto (GPA), generalized normal (GNO), generalized logistic (GLO) and Pearson Type III (PE3). This study employs the LQmoment as a parameter estimation method for regional flood frequency analysis of nine sites in the North-Bank region of the Brahmaputra River in India. The same procedure for regional frequency analysis for L-moments proposed by Hosking (1990) is used for LQ-moment. The relationship between LQ-skewness and LQkurtosis has been developed for each of the probability distributions used for this study.
LQ-Moments
Let n X X X ,..., , 2 1 be a sample from a continuous distribution function
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The first four LQ-moments of the random variable X are given by: ( 1 2 
, is the α th quantile of beta random variable with parameters k r − and 1 + k , and (.) X Q denotes the linear interpolation estimator shown above.
Probability Distributions and Parameters Based on Trimean Function: Generalized Extreme
Value Distribution (Modhulkar, et al., 1998) The probability distribution function (PDF) for the generalized extreme value distribution is defined as:
Its quantile function is given by
The shape parameter k can be estimated with good accuracy by using the approximation equation The estimates of the parameters ξ and α are then given by:
Probability Distributions and Parameters Based on Trimean Function: Generalized Pareto Distribution The PDF of the generalized Pareto distribution is:
The shape parameter k can be estimated with good accuracy by using the approximation equation 
Probability Distributions and Parameters Based on Trimean Function: Generalized Logistic Distributions
The PDF of the generalized logistic distribution is given by Rao and Hamed (2000) as
The shape parameter k can be estimated with good accuracy by using the approximation equation The estimates of the parameters ξ and α are then given by
Probability Distributions and Parameters Based on Trimean Function: Generalized Lognormal Distribution
The PDF of the generalized lognormal distribution is
is the cumulative distribution function of the standard normal distribution, and its quantile function is given by The PDF of the Pearson Type III distribution is given by
The cumulative distribution function is given as
 and the quantile function can be given as
The location ( μ ), scale (σ ) and shape ( k ) can be represented in terms of α , β and ξ as: 
Methodology Study Area and Data Availability
Regional flood frequency analysis is carried out for North Bank region of the Brahmaputra River of India. The Brahmaputra River basin extends over an area of 580,000 km 2 and lies in Tibet, Bhutan, India and Bangladesh. The drainage area of the basin lying in India is 194,413 km 2 , which forms nearly 5.9% of the total geographical area of the country. The mean annual rainfall over the basin (excluding Tibet and Bhutan) is approximately 2,300 mm. Annual maximum peak flood data for nine stream flow gauging sites lying in the North Bank region of the Brahmaputra River and varying between 11-36 years in record length were used in this study.
Steps in Regional Flood Frequency Analysis
The steps involved in the regional flood frequency analysis by L-moments proposed by Hosking and Wallis (1997) This procedure has been applied for LQ-moment for the study area described.
Data Screening
Hosking and Wallis (1997) proposed a discordancy measure (D i ) based on L-moments, to recognize sites that are grossly discordant with the group as a whole. The discordancy measure (D i ) for the LQ-moment is defined as if there are N sites in the group. Let Site i is declared to be discordant if D i is greater than the critical value of the discordancy statistic D i given in a tabular form for the L-moment by Hosking and Wallis (1997) . Based on such discordancy measures for LQ-moment, no discordance site was found for this study region. The discordancy measure, site names, sample sizes and LQ-moments are shown in Table 1 .
Regional Homogeneity
The procedure proposed by Hosking and Wallis (1997) for L-moments, with required modification for an LQ-moment was used to test for regional homogeneity. The regional average LQ-CV, LQ-skewness and LQ-kurtosis, weighted proportional to the sites' record length were calculated and, similar to the regional average mean considered as 1 in the L-moment method, the regional average first LQ-moment ratio is also considered as 1. For this the LQmoments and the parameters of the Kappa distribution based on the Trimean function have been developed and fit the developed Kappa distribution to the regional average LQ-moment ratios for 500 simulations. The values of heterogeneity measure computed by carrying out 500 simulations using the Kappa distribution based on the data for the 9 sites are provided in Table 2 . Based on the heterogeneity measure the 9 site study area was found to be homogeneous. Hosking and Wallis (1997) was used as the goodness-of-fit measure for the LQ-moment to select the best fit distribution for the study region. The dist i Z statistic for the various three parameter distributions is shown in Table 3 .
It may be observed from Table 3 the LQ-moment identifies the PE3 distribution as the best fitting distribution for the study region.
Goodness-of-Fit Measure: LQ-Moment Ratio Diagram
The LQ-moment ratio diagram is another goodness-of-fit measure for identifying the best fitting distribution for the study region. The relationships, given above between 3 η and 4 η for the five distributions are used to draw the theoretical curves in the LQ-moment ratio diagram. It can be observed from the LQmoment ratio diagram (see Figure 1 ) that the regional values of LQ-skewness ( as well as the LQ-moment ratio diagram show that the PE3 distribution is the best fitting distribution for the study region.
Parameters and Quantile Estimates for the Region
The regional parameters and quantiles for the various distributions are given in Tables 4 and 5 respectively.
Regional Flood Frequency Relationship Based on LQ-Moments: Gauged Catchments
The regional flood frequency relationship for gauged catchments was developed, by using the identified best fitting distribution for the study area. The PE3 distribution was identified as the best fitting distribution for the study region in LQ-moment; thus, the relationship was developed using the PE3 distribution. The cumulative density function of the three parameter PE3 distribution as parameterized by Hosking and Wallis (1997) is: If γ σ β γ α catchments in the region and their physiographic catchment characteristics is developed and is used to estimate first LQ-moments for an ungauged site. The relationship developed for the region in log domain using least squares approach based on the data of the study area is given as:
where, A is the catchment area, in square kilometers (km 2 ) and is the 1 ζ  first LQmoments in meters per second (m 3 /s). For equation (1), the correlation coefficient is 947 . 0 = r . By coupling the regional flood frequency relationship for gauged catchment and the relationship between first LQ-moments and catchment area given by equation (1), the regional flood frequency relationship for ungauged catchments is obtained as:
where, T Q is the flood estimate in m 3 /s for return period T , A is the catchment area in km 2 and T C is a regional coefficient. In Table 7 values of T C are given for different return periods T for the study area.
Conclusion
The following conclusions can be drawn from the regional flood frequency analysis of the study area using LQ-moments:
1. In the initial screening step of the data the discordancy measure is used, the discordancy measure (Table 1) shows that data for the nine gauging sites of the study area are suitable for using regional flood frequency analysis.
2. For testing homogeneity of the region, the LQ-moment based heterogeneity measure was used, the LQ-moment based heterogeneity measure shows that the region is homogeneous.
3. The regional flood frequency analysis was performed using various frequency distributions: GLO, GEV, LN3, PE3 and GPA and KAP. The LQ-moment ratio diagram and dist i Z -statistic criteria (see Table 2 ) were used to identify best fitting distribution PE3 for the region.
4. The regional flood frequency relationship for gauged and ungauged catchments was developed for the region. The regional quantile estimates with different return periods T for the PE3, LN3, GPA, GLO and GEV distributions were calculated. To estimate floods of various return periods T for gauged catchments of the study area, the first LQ-moment of the catchment may be multiplied by corresponding values of the growth factors, computed using the PE3 distribution; however, more accurate results for ungauged sites can be obtained if more physiographic characteristics other than catchments area are available. 
